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Abstract
We study thermoelectric effects in Kondo correlated quantumdot coupled to ferromagnetic electrodes by calculating
thermopower S in the Kondo regime as function of on-dot energy level and temperature. The system is represented
by the Anderson model and the results agree well with those recently measured for a quantum dot coupled to
nonmagnetic leads. For magnetic electrodes one observes marked dependence of S on the degree of their polarization.
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Transport properties of artificial nanostructures
with highly correlated electrons present fruitful re-
search area. In particular the many body effects have
been predicted [1] and later observed [2] in quantum
dots coupled to external leads. Such structures allow
study of various physical phenomena in well controlled
conditions and geometries. Number of possibilities
have already been tested experimentally resulting in
discoveries of new effects [3].
In this contribution we are interested in the study
of the voltage VT across quantum dot induced by the
temperature gradient characterised by ∆T . The ratio
VT
∆T
is a measure of the thermopower S. We consider
single quantum dot with only one energy level coupled
to two external ferromagnetic leads. The second elec-
tron on the dot experiences strong repulsion U due to
charging energy e2/2C, where C is the capacitance of
the dot. We model the system by the U =∞ single im-
purity Anderson Hamiltonian in the slave boson rep-
resentation and adopt the calculation scheme and the
approximations presented previously in [4].
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∑
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ǫλkσc
+
λkσcλkσ +
∑
σ
Edf
+
σ fσ
+
∑
λkσ
(
Vλkσc
+
λkσb
+fσ +H.c.
)
, (1)
where λ = L (R) denotes left (right) lead, c+λkσ (cλkσ)
is the creation (annihilation) operator for a conduction
electron with the wave vector k, spin σ in the lead λ
and Vλkσ is the hybridization matrix element between
localized electron on the dot with the energy Ed and
conduction electron of energy ǫλk in the lead λ.
The non-equilibrium Green’s function technique [5]
allows one to study the general situation with arbitrary
value of the ∆T . Here, however, we limit our consid-
eration to the linear response. This means that the re-
sponse coefficients Lij between charge and heat fluxes
and chemical potential and temperature gradients are
evaluated for an equilibrium (µL = µR) system with
constant temperature (TL = TR). Electrical conduc-
tance G is given by the coefficient L11 as G =
−e2
T
L11,
while thermopower requires knowledge of both L11 and
L12 and is given by S =
−1
eT
L12
L11
. The linear response
coefficients read
L11 =
T
h
∑
σ
∫
dωΓσ(ω)ImG
r
σ(ω)
(
−
∂f(ω)
∂ω
)
T
, (2)
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L12 =
T 2
h
∑
σ
∫
dωΓσ(ω)ImG
r
σ(ω)
(
∂f(ω)
∂T
)
µ
. (3)
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Fig. 1. The linear response thermopower of the quantum dot
coupled to magnetically polarised leads as a function of the
position of the on-dot electron energy calculated for differ-
ent temperatures (in units of Γ): T = 10−3, T = 10−2 and
T = 10−1. Polarisation of the leads P = 0.0 (upper panel)
and P = 0.1 (lower panel). Splitting of the Kondo resonance
results in a very small thermopower.
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Fig. 2. The temperature dependence of the thermopower of
the quantum dot coupled to magnetically polarised leads with
P=0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 (starting from lowest curve
near the deep minimum).
As it has already been noted in [6] in the context
of N-QD-N system, the thermopower S is a powerful
characteristic to identify the appearance of the Kondo
effect as it changes sign when the system is cooled down
to temperatures T below TK . This is particularly clear
in Fig. 1 and in Fig. 2 (solid curve), where S vanishes
for temperature equal actual Kondo temperature TK .
The behaviour is more complicated in the FM-QD-FM
system with nonzero polarisation (lower panel of Fig.
1 and Fig. 2).
It is worth to note that the thermopower of the quan-
tum dot defined in the two dimensional electron gas has
recently been measured experimentally [7] and quali-
tatively agrees with that presented in figure 1 for P =
0. To understand their results the authors [7] use the
Mott formula, which states that thermopower is pro-
portional to the logarithmic derivative of the conduc-
tance with respect to the energy evaluated at the ac-
tual Fermi energy. The Kondo effect shows up as addi-
tional maximum appearing in conductance via quan-
tum dot when the temperature decreases. It is con-
nectedwith theAbrikosov-Suhl resonance (resonances)
in the density of states, which appears (appear) at low
temperatures and is (are) located at the position(s) of
the Fermi level of the leads in (non)equilibrium situa-
tion. The slope of conductance thus changes and the
thermopower changes sign. Thermopower measured di-
rectly and obtained from theMott formula differ in line
shapes [7] and this calls for the discussion of the valid-
ity of Mott formula [8] in the interacting quantum dot
systems. This as well as detailed comparison between
experimental data and calculations will be the subject
of future work.
In magnetically polarised systems the Abrikosov -
Suhl resonance splits (as in external B field [2]) and
this results in decrease of low temperature S (Fig. 1).
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